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1. INTRODUCTION 

The need for renewable energy keep increasing [1] by time because the world is running out fossil 
fuels which were formed millions years ago. If renewable sources are used, the fossil fuels will last longer. 
The main fossil fuels are oil, natural gas and coal. Oil has some disadvantages such as generating corbon 
dioxide, causing acid rain and being not clean. Natural gas also has some problems like creating greenhouse 
gas emmision, being volatile and being dangerous if carelessly transported. Like oil and natural gas, coal 
creates harmful waste, acid rain and health problem for the miners. The renewable energy is a solution to 
decrese dependence on fossil energy [2]. There are many sources of renewable energy such as wind, solar 
and hydroelectricity. Being noisy, being unpredictable and disturbing television and radio signals are three of 
disadvantages of wind power. Hydroelectricity also has some minuses like disrupting ecosystems, being 
costly and requiring expensive construction material. Compared to other sources of renewable energy, solar 
energy is very promising [3] because it is clean [4], cheap, abundant [5], silent [6] and having no pollution. 

The solar energy is converted into electrical energy in order to be used in many appliances. A solar 
cell is an electronic device that use photovoltaic phenomenon to convert sunlight into electrical energy [7]. 
The smallest building block of solar cell that can generate electricity is called a p-n junction [8]. When 
packets of energy called photons hit the p-n junction, atoms in, for example, n type region will absorb a 
photon, so an electron and a hole will be dislodged. After that, a free electron and free hole will be created. 
These free electrons and holes will later generate current. Mono crystalline, poly crystalline and thin film 
solar cells are common types of solar cells available in the world. The main material for mono crystalline and 
poly crystalline solar cells is silicon which is commonly used in the semiconductor industry. Meanwhile, 
gallium diselenide [9], amorphous silicon and cadmium telluride [10] are the common materials which are 
used to fabricate thin film solar cells. The higher efficiency compared to other type of aolar cells is the main 
advantage of mono crystalline solar cell. However, due to processes used to enhance the purity, mono 
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crystalline solar cells are expensive compared to other types of solar cells. The highest efficiency of mono 
crystalline solar cells is around 17 %-18 % [11]. There are many factors that can degrade the performance of 
the solar cell like high temperature[12], excessive radiation[13], sand [14], dust covering the surface of the 
solar cell and shading. The aim of this work is to improve the performance of solar cells using bypass diodes 
and blocking diodes. 


2. RESEARCH METHOD 

Figure 1 shows the equivalent circuit of a solar cell. An perfect solar cell can be represented by a 
current source connected in parallel with a diode [15]. However, there is no ideal solar cell in real. In 
practice, a series resistance and a shunt resistance are added to this equivalent circuit. IL is the current 
generated by light coming into the cell. ID represents the current lost due to recombination. ISH is the current 
loss due to shunt resistance, RSH. The ideal value of the shunt resistance RSH and the series resistance RS 
are infinite and 0, respectively [16]. If the shunt resistance is infinite, the ISH will be 0 which means that 
there is no current flowing. 


Figure 1. The equivalent circuit of a solar cell 


Figure 2 illustrates how a solar cell and solar irradiance are measured. A solar cell will generate DC 
power when it is exposed to light A solar cell, a variable resistance box, two multimeters for voltage and 
current reading and wires are needed to measure I-V curve of the solar cell [17]. The choosing of resistors for 
solar cells measurement is very important. Small resistors like 4 watt resistors can not be used to measure a 
solar panel because they will become overheated and burn out. It is very important to know the amount of 
sunlight hitting the surface of the solar cell. The most popular method that characterize solar radiation is the 
solar radiance Which is measured by a solarimeter [18]. The value of solar radiance ranges between 0 W/m? 
to about 1000 W/m”. The local weather and location affect the solar radiance. 


(a) (b) 


Figure 2. The measurement of (a) solar cell (b)solar irradiance 


Figure 3 shows the schematic figure of bypass diodes and shading. The same current ideally will 
flow through the cells in a series array. If there is one cell shaded, it will result reverse bias which acts as a 
load and will cause some problems like hotspot which can damage the system [19]. There are two types of 
shading which are uniform and non-uniform [20]. 
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Figure 3. The shading and bypass diodes 


3. RESULTS AND ANALYSIS 

Figure 4 (a) shows panel I-V curve. This shows that as irradiance increased from 200 W/m’ to 1000 
W/m? at constant temperature of 25°C, the output current also rose significantly while the voltage almost 
remained unchanged. For example, the panel current increased by 44 % when the irradiance increased from 
400 W/m? to 600 W/m’. This means that the irradiance affects the output current much more strongly than 
the output voltage [21]. The short circuit current (ISC) proportionally increases with increasing radiation, but 
the change of open circuit voltage (VOC) is very small with increasing radiation [22]. Figure 4 (b) shows the 
P-V curve of the solar panel. The curve indicates that the panel output power increased rapidly as the 
irradiance increased from 200 W/m* to 1000 W/m‘ at constant temperature. For example, the panel power 
increased by 60 % when the irradiance increased from 400 W/m’ to 600 W/m?. However, the voltage almost 
remained constant. 

The panel power depends on the amount of solar irradiance hitting the panel surface. Figure 5(a) 
ahows the I-V characteristics of PV panel measured under an irradiance of 980 W/m. From Figure 5(a), it 
can be seen that the ISC is closed to 4 A and the VOC is closed to 48 V. The resulting P-V characteristics are 
shown in Figure 5(b). Figure 5 shows multiple steps in the I-V characteristics and multiple peaks in the P-V 
characteristics. If bypass diodes are connected, the unshaded cells will conduct the current. The shaded cells 
will limit the output current of the unshaded cells if the bypass diodes are not connected. Figure 6 shows the 
effect of partial shading on power output. 

The horizontal axis represents time. The left and right vertical axes represent irradiance in W/m? and 
PV output in W respectively. Hourly solar radiation varied from 0 to 1000 W/m? and the average solar 
intensity was 426 W/m°. Meanwhile, the hourly PV output range was from 0 to 150 W with average of 67 W. 
Moreover, to increase the output power, methods like cooling and reflection from mirror can be used [23]. 
Recently, there is also research about organic semiconductor pentacene for solar cell [24]. Another important 
part of solar cell is absorber layer which convert light energy into voltage [25]. 
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Figure 4. Irradiance dependence of (a) I-V curve, (b) P-V 
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Figure 5. The effect of shading on (a) I-V curve (b) P-V curve 
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Figure 6. Impact of partial shading 


4. CONCLUSION 

The bypass diodes method has been applied to improve the output of solar panel that decreases due 
to shading. The shading over the PV panel, the placement of bypass diodes have a strong effect on the PV 
panel output power characteristics. By placing bypass diodes, the output current inceases and new peaks and 
maximum powerpoint appears. 
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